Nitrate is rich in Mars sediments owing to long-term atmospheric photolysis, oxidation, 8 and deposition coupled with a lack of leaching via rainfall. The Atacama Desert in Chile, which is 9 similarly dry and rich in nitrate deposits, is used as a Mars analog in this study to explore the 10 potential effects of high nitrate levels on microbial growth. Seven study sites sampled across an 11 aridity gradient in the Atacama Desert were categorized into 3 clusters -hyperarid, intermediate,
gauging station data are quite sparse in the hyperarid core of the desert, and there may be local 115 heterogeneity in rainfall distribution. 
207
Each measured variable is associated with one latent independent variable for detecting any 208 unknown factors that may directly affect the analyses. For example, "other1" refers to any errors that 209 are associated with rainfall data recorded by the closest climate station, "other2" to "other6" refer to 210 the unknown environmental factors (e.g., cation availability and many more) that may affect nitrate Table   221 1. The measured pH in our study sites was between 9 and 10.5, and electrical conductivity varied 222 from 0.9 to 20 mS/cm. Mean grain size varied from 324 μm in TZ-4 to 572 μm in Yungay. The 223 standard deviation in grain size is the lowest in TZ-4 and highest in Yungay.
224
On average, the sampled soils were composed of about 54.0% silicon (Si), 13.2% aluminium 225 (Al), 7.9% calcium (Ca), 5.4% iron (Fe), 3.1% sodium (Na), 2.3% magnesium (Mg), 2.3% potassium 226 (K), 0.65% titanium (Ti), 0.22% phosphorus (P), and 0.11% manganese (Mn) ( Table S1 ). The
227
SiO2/Al2O3 ratios varied from 3.5 (TZ-4) to 4.5 (MES and TZ-5) ( Table 1) .
228
Nitrate concentrations were highly variable, ranging from 2 ppm (at TZ-0) to 5,000 ppm (at 229 TZ-4) ( Table 1) . Nitrate distribution varied amongst the individual sites, but did not show any 230 significant correlation with both mean annual precipitation and the recent heavy rainfall ( Figure 2 ).
231
Site TZ-4 in particular has an extremely high nitrate concentration. TOC and TN concentrations Results of CFU counts are shown in Table 2 . On ultrapure agarose plates, CFU counts ranged 252 from 0 to 1.62×10 3 without any amendments, from 0 to 3.57×10 3 on water control, and from 2 to 
267
We characterized the 7 study sites into 3 clusters, based on the geochemical trends described 
279
contributing to the high variability in the distribution of nitrate across our sampling sites (Figure 2b ).
280
It is certainly possible that the massive rainfalls did not efficiently affect site TZ-4, although dead 281 brush and presence of small desiccated roots hint that a desert bloom (desierto florido) may have 282 occurred at the site prior to our sampling, which may have affected near-surface nitrate levels.
283
However, additional physicochemical factors could also account for this seemingly random 284 nitrate distribution. The inferred more humid intermediate site TZ-4 has ten to one hundred times 285 higher nitrate concentrations than the other sampled Atacama sites, but it also has smaller average 286 grain sizes and lower SiO2/Al2O3 ratios (Table 1) . Sedimentation rates, which in this case mostly 287 reflect the influx of wind-blown dust as indicated by the moderate roundedness and frosting of the 288 grains ( Figure S1 ), can be inferred from grain size distribution and SiO2/Al2O3 (approximating quartz thus less likely to be deposited in a low-energy environment where only small particles are
Multiple regression analyses suggest that grain size ( Figure S1 & Table 1 ) (standardized coefficient= 295 -0.77***, p= 0.000) and SiO2/Al2O3 (standardized coefficient= -0.42**, p= 0.001) are more directly 296 correlated with nitrate concentrations at all sampling sites compared to annual precipitation 297 (standardized coefficient= -0.16, p= 0.207). Therefore, we speculate that in addition to annual 298 precipitation, other physical factors such as sedimentation rates can also significantly influence the 299 nitrate distribution in Atacama, and by proxy Martian, soils.
300
The distribution of TOC, as an approximate quantification of biomass, increases along with 301 annual precipitation (Figure 4a ) as long-term biomass preservation, indicating that water is a 302 limiting factor for microbial growth, as expected. Total nitrogen (TN) is positively correlated with 303 TOC with a small intercept of 40 ppm on the TN-axis (Figure 4b) , indicating that the majority of 304 nitrogen in these soils is organic-bound rather than substituting for potassium in detrital clay 
